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SSME FMEASCIL
REDUNDANCY SCREEN
Fuel Turbopumps Preparad: F. Crormwe||
Bepn-g2 Approved : T. Nguyen
RS007801 Appraval Dale: 11H4me
Lowr Preasura Fuel Turbogumg Lhange #: 3
B510 Dlraclve #: CCEDME-O1-5248
Power laas |1 ratar,
Page: 1af 1
Critienf iy
Falure ! ENecl Descriptian Ha=ard [efcrence

L2535 of turhime pewer causes reduced LPFTP 2peed a1 raduced outpul fipw and pressure del'vered o the EFFTE, The coniroar zenses 15

tha Ircreased HPETF demand and increates the lusl prebuener oxidizer Mlow 1 dhe evant of HPFTT cavilation, eveessive lurhine NE-DISHK

dszharge tempetatu-as result in # pre—aue engineg shuidosm. Mission gerub F datecded by redline. Losa of veklcla due o HEFTR

turbme [3ilure may reswlt il nat delacted

Bedundarcy Sorcens: TURBOFPLUKMP SYSTEM - SENSOR SYSTEM UNLIKE REOUNDANCY

A: Pass - Redundan* Fardware iter-a ane capable af chechout duilng hermad ground turnangung,

B: Pass - Less of a redundanl hasdwarz ikems is delactable Juwiry bl

C: Masg - Loss of redundant Rardware dar5 could nol resul! from a single creditle everr,

Loz ol erengy available to tursire saguliz i decreazed wirking sover. Less of turbing power cavses redueed LFFTP spead B1d radyzed 1

ARl flgewe ard pressuee dalvmed 2 the HPETP The contreller senses Ina increased HPFTP demand and icieasas the fuel prebumer
wwidizer Now, 10 Ihe avant of HPFTP tavtation, excessive Iurkia diszhargs tenpectures rezult in 3 premiatine engine shubdoen. Misslan
aber i delected by redie  Loss of vehicle due to HPFTF burbene faione maw resall ¥ nol tetected.

Redundancy Joreens, TURBOPUMP SYSTEM - SENSQR 5YSTEM: UINLIKE REDUNDANCY

#: Pasa - Redu-danl hadware b 38 capable of checkoul dusing aormal greond = meroond
B Past -1 eas nla redundan haidware iterns iz detedable during flght.
C: Pasa - Losa of redundant bardware itemz caubd rg? ~=3ul from 3 sk le sredible event,

PF 15 M
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SSME F "SANIL

DE. .N
Component Group: Fuet Turbopumps Preparar: F. Cromwell
CIL [tem: B0 Approvad; T. Hguyen
Part Nutmbse: RES0OTEDT Approval Date: 1110
Component: Low Pressure Fuel Turbopump Change #: b |
FMEA Ham: Bl Directiva A CCBC MEX )Y 5148
Failure Mode: Pawer lgss in rolor.
Paige; 1of 2
Des gn / Dazumanl Reference .

FAILURE CAUSE: A: Exceszive logs of roir balt pralaad

THE FIRST {1y AND SECOMD-3TAGE {2) ROTDRE BOLT OMTG ARG ARE RADMALLY PILOTED BY THE TLIRBIME WHEEL i3, THE 12 BOLTS (4] ARE LOCKED IN FLACE BY CUPNASHFRS
M1 ASSEMELY FROCEDURES FOR LOCRING DEVICES ENSURE DEFECT-FREE INSTALLATION (£). DRY. FILW LUBRICANT 15 APPLIED TQ THE BOLT THROADS TD RECLCF, FRICTION,
FROWIHHG A MORE CONSISTENT CLAMFING LOAD, THE BOLTS ARE MANUFACTUREL UTILIZNG 4-288 CAES BAR (), WHICH IS5 RESISTANT TO HY DROGEN FNUITROAWENT
EMBRITTLEMENT AND HAS THE REQUIREQ MECHAMICAL FROPERTIEE. THE MATERIAL IS SOLUTICM TREATED AND AGE HARDENED. THE CUPWASHERS ARE MANUFACTLURED
UTILIZING 100 SERIES CRES (B), WHICH viAS SELEGTED FUR ITS TENSILE STREMGTH. DUCTILITY, AND ITS INSENSITMTY 70 HYDRGEM ENVIROMMENT EMBRITTLEMENT THE
MATERIAL 15 ANMEALED TO IMPROWVE MECHAMICAL PROMPERTIES THE BOLTS AND CUPWASHERS ARE HOT SERIGLIZED DR, TIME HISTORY TRACKED BUT HAYE INFININ E
ALLOYWAEBLE LIFE (7).

(1) RE00TE24; (2] R5I0FEIS; (3y REONTEIE; (4] RECOTE44, REN07R2Y; (5 REMQISY; (B) RES-B5TT, (7) QLODSYZ, CPAZDaMOD:E

FAILURE CAUSE: B Frazlure, gisloetian af rolar blade.
C: Rotgr blade shroud damage.

THE TURBINE 15 A TRO-STAGE, SUBSONIC. IMPULSE PARTIAL ADMISSIGN TURBINE. THE FIRST ROTOR (] HAS 121 BLADES, AN QUTER SHROUD YITH 2 SEALIMG | ARYRINTIHS AND
5 LABYRINT B8 THAT SEAL DN THE TURBINE NOZZLE 1NSIDE DIAMETER. THE SECOND ROTOR (1) HAS 35 BLADES AMD AN GUTER SHROLD YWATH 1 SEALING LABYRINTH. BOTH
ROTORS BOLT GNTE THE TURBMNE WHEEL () THE ROTORS ARE RADIALLY PILOTED OM A LIP AT THE WHEEL DUTSIDE DIAMETER. THE ROTOR BLADES FIl IFTS ARE RADIUSED
10 REDUCE STRESS RISERS. THE CLEARAMCES BETWEEN THE ROTORE AND THE NOZZLE AND STATCR ARE GONTROLLED BY THE NOZZLE SHIM (4] AND DRAWING
REQUIREMENTS. THE DUTER SHROUDS OF BOTH ROTORS ARE MANUFACTURED AS SEPARSTE FIECES THAT ARE BRAZED TO THE BLANF OUTSIDE DISMETERS. BOTH SIELES OF
EACH ROTOR ARE MANUFACTURED UTILIAING A-2BE CREZ (5], A 206 CREE WAS SELECTED FOR ITS RESISTANCE TO {¥DROGEN ENYIRONKENT EMBRITTLEMENT ANL TS
MEGHANICAL PROPERTIES BOTH ROTOR SECTIONS ARE STRESS RELILVED PRIOR TO BRAZING, BRAZE JOINT FIT-UR AND PROCFSSING ARE CONTRDLLED EY DRAWING
REURENEMNTE (11 [2]. THE ASSEWHLY IS AGED AFTER BEAZING.

M REOOTEIA; 12) REICTREZS () RIMOAGIE (4) RSIOTEAE, {5 RSE-BSTT

FAILURE CAUSE: 0O Eacetslve clzaranca at 15t rotor faby dnth:
Labrrrinlh fallurs.
Gapper disbond.

THE FRET ROTOR (17 INGQARD LARYR'NTHS EEAL AGRIMNST TIHE NOZILE () ‘NSIDE IAMETER YWWHICH 15 CORFER PLATED AT THE MATING SURFACE. THE ROTOR AMND HOZZLE 435
MANUFACTUREDNUTILIZING A-286 CAES (3], WHICH IS RESISTANT TO HYDRDGEN EMVIROMMENT EMBR{TTLEMENT AMD HAS THE REGLUIRED MECHAMICAL FROFERTIES THE
MATERIAL |15 SOLUTION TREATED AND AGE HARDENED. THE GOPPER FLATIMG 15 RESISTANT TO HYCROGEN ENVIRCMMENT EMBRITTLEMENT AND PROWIDES & SOFT MATING
SUPFACE TO MINIMEZE WESR OF THE ROTOR LABYRINTHS. THE CLEARAMCE BETWEEN THE AOTOR LABYRINTH AMD NOZZEE 13 COMTROLLED BY THE MOFZLE SHIM {43 AMND
DRAWANG RECHIREMENTS. THE NOZZLE BLOCKING PLATES (5) ARE S5YMMETRICALLY POSITIONFD AND MATERIAL | REMOWED FROM SPECIFIED LOCATIONS DURING ROTOR
EALAMCING ;61 TO REDUCE THE TUAB'NE RADML LDADS, RESLLTING IN EVEN AND STAELE WEAR OF THE COPPER. .

(1} RSO0DVE2S (2 ROCA2TEY, REMTEE (3] RES-AS7F () RECQFE1S; (5) RIDIFTAL. (B) FLOOBAG

RS3-3r40:11
— i i



GeG-8

Component Group: Fuel Tuirbapumps Hrepared: I PP
CIL Item: BEIO-O0Z hppraved: T. Rguyen
Pard Nomber: RE0OTE01 Appraval Data: T1H/08
Companent: Lo Pressure Fus! TurBopumg Chamge ¥, 3
FNEA et B&A0 Diecctlve ¥: CCBO MEI-L1-524E
Fallura Mode; Pawwer [oss in rotar.
Page; Zof 1
-
Dezign ! Decument Peferanca )

FAILURECAUSE: E: Fracture, distorilor of x{alor vane.

THE STATOR (1) IMCORPORATES 107 YAMES WHICH GUIDES THE HY JRCGEN FLOW EXITIMG THE FIRST ROTOR (2) INTD THE SECOND ROTOR (31 THE STATOH IKSILE CIANE 1ERS
VPHICH INTCRFALCE ¥WITH THE WHEEL [4) AND SECOND ROYOR LADYRNTHS ARC COPFER PLATED TO MPROVIDE A SQFT RUBBING SURFALE. THE S5TATOR IS LOCKED INTD THE
NOZZLEMANFOLD 15 ASSERHLY BY A KEY (R AND I OCK (7] ASREMBLY PROCCEDURES FOR LOCKING DEWICES EMSURE DEFECTFREE INSTALLATION (8], RADIAL PILCTING
OCGURS AT THE INTERFACF BETWEEHM THE MANIFCLD AND BTATOR THE CLEARANCE BETWWEEN THE ROTOR aND 5TATOR 15 SONTROLLED BY THE NOZ2LE ShHIke 19 AHD

DRAWI NG HEDUIREMENTS THE STATOH WAME FILLETS ARE RADIUSED TO REDUCE STRESS RISERS. THE QUTER FHROUDIS MANUFACGTURED A5 A SEFARATE PART, WHICH IR
ERAZEN T THE WAME DIAMETERS. BOTH PIEQES OF THE STATOR ARE MANUFACTURED UTILIZING FORGED A-286 CRES, WHICH WAS SELECTEDR FOR T3 RESISTANCE T
HYDROSGEN ENVIRCRMEMT EMERITTLEMENT AND TS MECHANICAL FROFERTIES (10). BXTH STATOR MECES ARE STRESS RELIEVED PRIOR TO BRAZING. PRAZE JOIMT FT-UP AN
FROGESS MG ARE CONTROILLED PER. CRAVANG REQUIREMENT 5 (1), THE STATOR ASSEMBLY |5 AGED AFTER BRAZING.

i RE007EZE: '3 AS0OTAZA (37 RSOUAGRS: (4) ASOITEEE (5) ROOMG97ES. RS007S03; (6] RSONTHES, [T1 RI007G3d; (B RLOOALY; (8] REQOTE1d; (10 RS5-95T7

FAILURE CAUSE" ALL CAUSES

THE HIGH ARD Y W CYCLE FATIGLE LIFE FOR THE MOZZLE STATOR, FIRST-STAGE ROTOR. ROTUR BOLTS AND CUPVMSHERS MEET GE! REQUIREMENT 5 (1] 1'IE SECOND STAGE
FOTOR |3 LIFE LMITED BY MAJOR WAMNER (5], THC MIK{MUM FACTONRS OF SAFETY FOR THESE PARTS MEET CE| REQUIREMEMNTES 2). THE HARDWWARE MaRENT MATERIALS WENE
CLEARED FOPR FRACTLIRE MECHANICS/MOE FLAWA SADWTH 5INCE THEY CONTAIN HO FRACTURE CRITICAL PARTS {3). THE CONTROLLER SOFTWIARE 13 CONFIGURED TQ CETECT
AND RESPOMA PRGPERLTY TO THE FAILURES IDENTIFIED AND COMMAND & SAFE ErEIME STATE (4). RELSE OF PARTS OURING OVERHALL IS CONTROLLENR BY THE
REQUIRENENTS OF THE WFRHALIL SPECIFICATION {4).

(1) PLADSA? CPAMRIONIE: (1) ASS-A54E CPI20R0I0IE: 1) NASA TASK 117, (4) CRMEROMIZPT 13.2.3 5.5, 151 RLODS3Y, (8 DAR 2431
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Companent Greup;
CIL Item:

Parl Mumbmar:
Companenl:
FMEA Mom:
Failura Mode:

Fuel Turbopumps

BEQD-02

RS00Ta01

Low Preszun: Fuel Turbopump
BEOD

Power loss it relor.

SSME FMF 7H
INSPECTION ~. J TEST
Praparad:
Approvad:
Apphoval Oate:

Change #:
Clrective ¥

Fage:

F. Cromwell

T. Nguyen

111/

3

COBD MEZ-01-5248

10f 4

Failu=e Causas

(2

2 grficanl Chararter ating
CUFYASHER
BOLT
FIRET-5TAGE ROTSR

KMaTERIAL INTFGRITY

HEAT [REA |

SURFACE FIMIEH
ASEEMBLY INTEGAITY

FIRST-5TAGE ROTOR
SECOMD-STAGE ROTCR

PARTERIAL INTECRITY

BRAZING INTEGRITY

Igpedionis) ! Test{s)

MATERIAL ‘MTEGRITY IS VERIFIED PESR BRANING RECUIREMENTS.

DOLTS ARE PENETRANT IMSPECTED PER DRAVING REQUIREMENTS,
HEAT TREAT 15 VERIFIED PER DRAWING AND SPECIFICATION REQUIREMEMTS.

BOLT OFY FILM LUSRICATION b5 VERIFIED FER SPECIFICATION REQUIREMENTS.
BOLT TORAQUE 13 VERIFIED PER DRAWING REQUIREMENTES.

CUPNASHER DEFORMATION IS WERIFIED PER DRAVIANG REQLIREMENTS.
SUBASEEMBELIES ARE WERIFIED AS EOTTOMFN PER SPEC IFICATION REQUIREMENTS,

MATERIAL INTECRITY |5 YERINED PER ORAWING RECUIREMENTS.

ROTOR FORGHIGE ARE UL TRASONIC AND PENETRANT INSPECTED PER SFECIFICATION
REQUNREMENTS.

ROTORS AR STRESS ACLIEVED FER SPECIFICATION REQUIREMENTS BEFORE BRAZ ING

THE ROTORS ARE PEMETRANT INSFESTED AFTER BRAZING PER SPECIFICATION RECUIREMENTS,

BRAZING CPERATION IS ERIFIED PER DRAWINS AND SPECIFACATION REQUIREMENTS

NICKEL PLAT'NG OF ROTOR |5 VERIFIED BY EDDY CURREHT FER DRAWING AND SPECIFICATION
REQUIRENENTS BEFORE BRAZING

RS5-E740-11

Document Raferenes "
RSCOFEM
REQCTEH
RSOC7E24

RFO0762"
MEQGTE
RSAKITERS

M3IeETR

KSGE M
RAQE11 020

RAO2 603
RS00TEF

RLOWIS:

RENCTErY
REQ0/B26

[AD:E-C12
RAD:IE 15

RAORT1-077

RAI15-1C

R5107624
RE107E2S
RAD~ G010

REMITE
RSM752E
RA1103-00%
AGTH EX7E
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Comrponent Groug,
CIL itermn:

Part Humber:
Component:

FMES Itesm;

Fatiure Made:

Fuel Turbugumes

RGO 03

RECOTEDT

Law Pressure Fusl Turbapuirip
BE0g

Powat 1085 [ robor,

Frepared:
Approved:
Approval Date:
Change #&;
Dlireetivin -

Page:

F. Cromwe|l

T. Naguyen

11109

3

CORP ME2D1 5344

Zof 4

B

r

Failure Causes

Signifear Ghasactenist o2
BRANNG [NTEZRITY

HEAT "REAT

ASEEMBLY INTEGRITY

CLEAMNLINESS OF
COMPONENTS

HO2F E
F RST-ETAGE RCTCR

METERIAL INTEGRITY

COFPLR PLATIMG
INTEGRITY

HEAT TREAT
SURFACE FIN'GH

Inspeclion(s] f Tes's)
NIZKEL PLATING OF ROTOR 1S YERIFIED O EDDY CLURREMT PER CRAWING AMD SPECGIFICATION
RECLIREMFNTS BEFORE BRAZING.

THE SECOMD STAGE ROTCR BRAZE JOINT INTECRITY IS ULTRASON G INSPEC TED PER DRAVYING
RECIUIRENEMIS.

ROTOR AGING |5 VERIFIEO FER SPECIFICATIN REQVIREMENTS AFTER BRAZING.

THE RCTATIMG AZSEMBLY BALAMCE IS VERIFIED PER SPECIFICATION REQHREMENTS

THE ARIAL GAPS BETWEEN THE ROTORS AND THE NOZZLE AND STATOR ARE VERIFIED MER
DANATHG AND GPECKICATION RECHNREMEN TS,

TIF RADIAL CLEARANCE IS INSPECTED FER DRAAING REOUIREMENTS,

ROTOA BLADE RADN AMD COORDINATE MEASURELENTS ARE "N3FECTED PER DRAWING
REQUREMEMTS,

THE S2NE SYSTEM CLEANLINESS 15 VERIFIED THROUGHOUT ASSEMELY PER SPEGIFICAT IOM
REULIREVENTS

MATERIAL INTEGRITY IS VIRIFIED PER DRAWIMNG REQUIREMENTS.

ROTOR FORGING 15 ULTRASOMIC AND FEMETRANT INSPECTED PEP SRECIFICATION
FEQUIREMENTE.

THE HOZILE COPPER PLATING ADHESION 15 YERIFIED PER DRAWING REC IRCMENTS.

ROTOR AGING 13 VERIFIED PER SPECIFICATION REQUIRENMEN] 5 AFTER, BRAZING.

THE NCZZLE COFFER PLATING AND MRCHINHG 15 VERIFIED FER CRAWING AND SPECIFICATION
REAUIREMENTS.

Decipncn: Retaranoe s
HSMITE24

REINTEIG

AT IH-005

hETM EST

RACCFH2S

RAOS1 1- 130
FLOCGAE

RACOTEAT
RINM3S2

RE30.7624
REIN7E2S
RESIDTEZZ
REILTH2]

RS TEZ4
RENI7EEZR

RL-GC1

RE00TE2:
RSLDT524

AADT P50 2
RAI15-1"¢

REICTE2D

FAms 1.020

Rangrs:z
MAIRENE.ar:
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Cemponent
CIL fern-
Fad Mumrber.
Componenl:
FMEA Item:
Fallure Mode

up-

Fual Turhrgerm pa

BECR-02Z

ASEAvTeED|

Low Fressurs Fusl Turbapump
BEQD

Powar o5t [ ralor

Prepared:
Appraved:
Appraval Dala:
Change #:
OHrective ¥

Page.

Foran wie
T. KgQuy+sn

114,809

3

CCBD MEI-D-5248

Juf 4

Failure Capsas

al L CAUSES

Significant Sharecierisfics
ACSSFWALY MTEDRITY

S-ATOR
MATERIAL INTEGR| ™Y

COPFPER PLATIHG
WNTEGR:TY

SURFALCE FIMISH

EAZIHNG INTEGRITY

HEAT TREAT
ASSEMELY INTEGRIR

Irspactionls) r Tasiia)
THE ROTATIMG ASSFMALY IS TOROUE CHECKER AT ASSEMRL ¥ FER SPECIFICATION
REQUIRCKMENTS,

THE ROTOR-TQ-NOEILE RAMAL CLEARANCE |5 THSPECTED MER DRAWING AND SFECIFICATION
REQURERENTE.

THE ROTATIMNG ASSEMBLY 12 BALANCED PER SPECIFICATION REQUIPEMENTS.

mAaTERIAL INTEGRITY IS VERIFIED PER DRAWING R=OUIREMENTS

THE STATOR FORGIMNG 13 PENETRANT ANDO ULTRASOHIC IMSPECTED PER SPECIFICATICN
REQUIREMEMNTS.

TI'E STATOR 5TRESS RELIEF 15 VERIFIED BEFCRE ARATING FFR SPFCIFICATION REQLIRFMFNTS
THE STATOR 15 PENETRANT INSFECTED AFTER BRAZING PER SPECIFICATION REQUIREMENTS.
THE SFATOP CCPPER FLATING ADHES ON 1S VERIF'ED PFER DRANYING RECLUIREMSMNLS.

THE STATCR CCFPES-PLATING 15 YERIFIED FER CRAWFHG AND SPECIFICATION RECANREMENTS.
BRATFING CPERATION |5 VERIFIED PER DRAWING ANO SPECINICATION REDUIREMENTS

MISKEL PLATING OF THE STATOR 15 WYERIFIED BY E0DY CURREMT PER SPECIFICATION
RELUIREMENT S, BEFORE BRAZING.

THE STATCR AGIMG IS VERIFIED FER SPECIFICATION REQUMREMENTS AFTER BRAZING.

THE AxlalL GARS BETWEEN THE ROTORSE AMD THE STATOR ARE YERIFIED PER DRAVANG AND
SPECIFICATION REQUIREMENTS.

HTATOH VANE RADE AND COORDINATE MEAZLIREMENTE ARE INSPECTED PER DRAMWING
REDUNREMEMTS.

LPFTF
ASSEMELY INTEGRITY

THE PUMD SIAASSFMIIES ARF INSPFCTETT TILIRIMNG OWFRHALN PFR EPFCIFICATION
REQUIREMENTS. MSFPECTIONS INGLUDE: WESLAL, DIMENSIONAL, FENETRAMT, ARND
REPLACEMEMNT OF USAGE ITEMS AS aPPLICABLE, PER WERHALL CLASSIFICATICIN,

QEERATIONFERMORMANCE |& YERIFIED B EMSGIME HOT-FIRE TESTIHG AND 2NDE B M TESTS OM

INSPECTIONS.

TCROUUE CHECKES ARE FERFORMED FRIOR TO EASH FLISIHT.
DATA FAIR PREVIOUS FLIGHT O HOT-FIRE 15 REVIEWED FOR FROFER TURBOPUMP
CPERATIONPERFOTRMANCE, {LAST TEAT)

R55-B740-£1
i

Lecimnignt Refsrenecs
FLM1ES

AICOTEZZ
ASCNTREI 4
ALM.IZS

Fl(nR45

ASCOTRAL

FAL113.115
FACT15-C12

RACARIT R20
FAC115 115
HLLIF G
PA1G03-010
REODTSZ3

RAODTEES
RADOT-210

FA1103-005
Ra00vaEes
ASTMEDXTR

RALOGT1-0E0

R300GTAM
FLOC1DG

REQOMEES

R3007T 501

RLOGES]
FAC 15-116

FLOCCOO-04
RLOODAE-0E
RLOOKSG-0F
RLUD4E1

QRSO Y41 BE0.010
W 5SFC FLM 1228
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Ceampotent Grawvp: Fuel Terbopureps Fregarad: F. Cramusl|
Sl em: BEOm o2 Approved: T. Hguyen
Par Number; REoaTeg1 Appraval Daje; 11,4509
G ponent: Low Pressure Fusl Turbopump Changa #: 3
FMEA llem: BERG Olracliva &; CCBD MFEADT-5241
Fallure Made- Power hoas inrgteor,
Padge: 4ol 4
Failasre Caures Bigniflicanl Characterizlica . Ingveclions) ) Teshs) Nac.man! Refaranca -

F2ilua Hisicry Comzrehensie Lalore hislzry data 5 mainained 1 ha Problem Reparting database (PRAMS/PRACA)
Relaranze MASA ster 5A21/68/308 and Rxkeldyns [Elbe- S8R5 TEL,
Cparaticral Ligz-  Nat Apphizable.
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Fooacn .
CMponent Sroug Fuel Turbepa:mpe Prepared: F Cromwell
CIL Mam: Ba0) Approved: T. Nguyen
Part Humber: RS 0W7 B Approval Dan: 111194
Campanent: Low Pressure Fuel Turbepump Change & 2
FMEA Itom: BEM CHresctive #: COBD WE3-01-5244
Page:’ UL
Crileal Inilial
fioot  Flaw Size Naol
Sida Mot Deleclable
Cempsrant Basic Part honle: Meld Humbar wWeld Type  Class Arcast HCF  LOF Comneris
MAMNIFCLE R3007E03 1 EBw) la b1
MARIFOLD RSCITENS z CTaw !
SMANIFOLD RSO0MEDZ £41d GTAW Il x X
MAKITOLD R5407803 g.10 GTAW 1l x
RAHLIFOLD REOMGCA 13 GTAM I
MAMNIFOLD REMIFEN] 17 EBIN Il b Y
RAMNIFILTY RA0OTE] 18 TSTAa b X X X

RE5-g140-11



185-9

Compoedt G oup:

e Narne:
Hem Number: i [0
Farl Minrhar RSaoTEDd

SSME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Fuel Turbopumps
Law Pressure Fusd Tirbopump

Prapared: F. Crammel|
Appresed: T. Hguyen

Approval Date: 11108

Change ¥: 3

Di rective COED ME1O1.5248 .
Fape: {ef1

Enze Lina Rationale

Var-ance

Cranps Rativnale Wariar! Cash Menber )

1. E620-0%: REMITEDS, REOATEDS,
CALUSE A, THE INNER aND
CLTER EEARING RINGS ARE
EDOY CURRENT INSPECTFD PFR
FA NG E- D3,

2 BE800-10. THE HOUSING
INSULATION IS FROTECTED BY A
KEYLAR COMPOSITE SURFACE
WITH L.T-40 FIRE RETAROANT
ALUMINUM TAPE APPLIED TCr
THE KEYI AR SLIRTACE

3 BEQQ-0F THE BALLS ARE
FOSITIQONED BY AM FEP COATED
ARMALCN CAGE, FEF GOATING
OM CAGES USED TO RETOLIZE
FAOCKET ARG BALL WEAR THUS
IMCREASING BEARIMG LIFE.

4. BEOO-0I. BLOCH | HOZZLE
ACSEMBLY ALLOWS A MIMIRALIRA
QOF 12 QF THE 4A NQZZLE
PASSAGES TO BE BLOCKED.

5 Beac.t2 CAUSEBRC

THE SECOMD STAGE RQTOS
ERAZE JOINT INTEGRITY IS
LLTRASOMIC INSFECTED PER
DRAWING REQLUFREMENTS.

E. BRIC-0Z. CAUSE D

NQZILE COFFER PLATIMNG
A0HESION IS5 VERIFIED FER
ORAWING AEQUIREMENTS.

PASSAGES TOBE BLOCKED
CERTAIN SECOND STAGE-

BEAR™MT RINCGS RECENELD
FROM SUFFLIER SPLIT BALL
BEARING INCORFORATED -
RFCFMED MO GFMFRAL ENOY
CURRENT IMNSPECTICN.

CERTAIN FLEZHT HGUSINGS
HAYE NICKEL PLATED
INGLALATICN WITH COPPER
PLATED TIE-IM AREAS.

BLOCK LAMND FHASE || FUMPS
DO NOT HAVE FEP COATED
CRAGES.

BLOCK PHASE NI NOZZLE
AGEEMBLY ALLCWES A MINIRTURM
OF 16 OF THE 43 NOZZLE

ROTORE RECEIVED NO
LILTRASOMIC IMSPECTION OF
THE BRAZE JOMkT.

CERTAIM MOZZLES IO MOT
RECEIYE A BAKE TEST,

THE BLCOCK [ ANO PHASE I HAVE NICKEL FLATING T FRCI‘TE_E‘.'i' THE

THE BRAZE JQINTS O ALL SECOMD STAGE ROTORS HAYVE RECEIVED A

ADHES D BAKE TEET 15 MOT REQLIRED FOR NO22LES WHICH HA"."E- BEEH

SEE DAR 2745 FOIL
VARIANT DART
SERIAL HUMEFRS

GENERL EODY CURRENT IMSPECTION OF RIMGS REPLAGES TYFE IVC IN
PEMETRAMT INSFFCTION I DETECTTNG SURFACE FLENTS,

LISE AZ 15 RATIOHALE.

1 RINGE ARE SUPFLIED BY SPLIT BALL BEARING INCGRPOALTED RECEIVED
FROVISUAL AND TYPE IVE PERETRANT INGPECTION INSTEAD OF GEMERAL
EDDY CURRENT INGPECTION. FLAW DETECTABRILITY RELIABILITY LEVELS
BETWEEN PENETRANT AND GENERAL EDDY CURRENT INSFEGTICNS ARE
0 060 AML OOEF AESPECTIVEL Y

RISCOTEIT 174, 131,
<21, .0

INSULATION FROM MECHANICAL DAMAGE AND PROVIDE A MOISTURE
BARFIER. THE HOUSING 18 COFPER PLATED AT THE INSULATON SLOSE-CUT
AREAS TO WIPROVE THE MICKEL BOND. THE MINIMUN FACTORS OF SAFETY
FDR THFE INSUILATED HOUSING MEET C.E.|. REQUIREMENTE. DAR 2059
ADDREFFED THE TIME CONSTRAIMTS FOR MICKEL PLATED INSULATION WATH
COPPER Pl ATED TIE-IN CONFIGURATIONS.

BLOCHE L AND PHASE Nl CAGES HAVE TEFLOY CONTAINED IN THE FIRERGLASS - lIQS-'_‘IE-'."BD"S-UE? “
CAGE THAT PROVIDES BEARING L LIBRICATIOH. RSAC-FEME T, 025

THE Bl OCH | FHASE || NOZZLE ASSEMBLY DOES MOT WMILATE Tilé
REQUIREMENTS OF THE BLOCK | HOZZLE ASSEMBLY. BLOCHK | PHASE 11
WA MEETS CE MOZALE WANE REQUIREMENTS.

RUG157a1-031

RS0 F5ES-031
VISUAL AND PFEMNETRAMNT IMSPECTION, ALL PARTS SUSPECTED TO HAVE i
BRAZE JOrNT AMNOMALIES HAVYE BEEN ADDREZSED,

RS007622-025
FREVIOUSLY HOT FIRE TESTED. THE HOT FIRE ENVIRDNMEMT ADECLUATELY  ROD 9707 [0

YERIFIES THE CQOFPER PLAT ING ADHESIOHN IMTEGRITY.

7. 60002, CAUSEE.
THE STATOR COPPER FLATING

ADHESICH 15 YERIFIED FER

ORAWING REQLIREMENTS

GERTAIN STATORS DID NOT
RECENE A BAKE TEET.

ADHESION BAKE TEST |S NOT REQUIRED FOR STATORS 'WP'IICFi HA'U-'E- BEEM REIJT6230
FREVICLSLY HOT FIRE TEETED. THE HOT FIRE ENVIROMMENT ADECUATEL Y

YERIFIES THE COPPER, FLATING ADHESICH INTEGRITY



